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Introduction
Expectations play a key role in the conduct of modern monetary policy. In particular the New-Keynesian Phillips curve stresses the importance of inflation expectations for the rate of actual inflation. Central banks' ability to achieve price stability is thus directly linked to its ability to anchor inflation expectations at their target. Consequently, major central banks like the Federal Reserve, the Bank of England and the European Central Bank monitor inflation expectations as an indicator of inflation pressure. The quote "inflation expectations are well-anchored" is a frequently used phrase in press conferences and monetary policy reports. Yet, in spite of their prominent role for monetary policy, inflation expectations are still under-researched, see Bernanke (2007) . In particular, it is not clear how the degree of anchoring of inflation expectations should be defined and measured empirically.
In monetary policy practice it is often argued that inflation expectations are wellanchored if their distance to a more or less explicit inflation target is sufficiently small, see BoE (2010, p. 36) and ECB (2011, p. 32). More sophistically, the empirical literature employs news regressions and a pass through criterion. The news regression approach exploits the idea that anchored inflation expectations should be insensitive to economic news, compare Levin et al. (2004) and Gürkaynak et al. (2010b) . Similarly, the pass through criterion of Jochmann et al. (2010) and Gefang et al. (2011) defines inflation expectations as anchored if long-term expectations do not respond to changes in short-term expectations. In both approaches, the attention is restricted to the first differences of the inflation expectations measure.
In the present paper, we argue that first differencing leads to a loss of valuable information and imposes implausible dynamics of inflation expectations. In fact, a regression in first differences implies a unit root for the level of expected inflation, i.e. shocks to the level never die out. However, such an extreme persistence appears hardly compatible with the idea of anchored expectations. Moreover, within a first difference regression any information about the level of expected inflation is lost. Even if the central bank does not announce an explicit inflation target, the level of inflation expectations should be of crucial importance.
For these reasons, we propose to model inflation expectations as an exponential smooth transition autoregressive (ESTAR) process. Nobay et al. (2010) recently showed that the ESTAR model captures the dynamics of the actual rate of inflation 1 remarkably well. 1 As a natural extension, we apply this model to inflation expectations data. The distinguishing feature of the ESTAR approach is given by its flexible dynamics. On the one hand, the model allows for the locally high persistence typically observed in inflation data, while on the other hand it implies global stationarity, i.e. shocks die out eventually.
In our context, the ESTAR approach assumes that inflation expectations should ultimately return to some long-run equilibrium value or anchor. This value will be interpreted as the market implied inflation target, which may well deviate from the officially announced inflation target of the central bank. The transition speed within the exponential function describes how fast the reversion to the implied target takes place and therefore provides a natural parameter to measure the strength of the anchor. The transition function of the ESTAR model implies an increasing incentive to revise expectations the further they deviate from the market implied target. These characteristics appear suitable and also intuitive in view of anchored inflation expectations. In our empirical excercise economic news variables are included as controls. Therefore, our approach nests the news regression as a limiting case.
We investigate the degree of anchoring of inflation expectations in the United States (US), the European Monetary Union (EU), United Kingdom (UK) and Sweden (SW). The expectations measure under consideration is the so called break even inflation (BEI) rate that is the most prominent measure of inflation expectations within the news regression and the pass through literature. BEI rates can be derived from nominal and real government bond yields, i.e. inflation-indexed bonds. Although the countries under investigation have highly liquid nominal and real bond markets, constant maturity yields of real bonds are usually not readily available. As an exception, constant maturity series of US TIPS are provided by Gürkaynak et al. (2010a) . However, in order to construct a homogenous dataset for our cross country study, we closely follow the methodology of Gürkaynak et al. (2010a) and estimate standard Nelson-Siegel-Svensson (Nelson and Siegel 1987, Svensson 1996) yield curves of nominal and real bond yields.
Our results show that the degree of anchoring of inflation expectations varies substantially across countries and expectations horizons. We find that shorter-term expectations are stronger anchored than longer-term, meaning that shocks of a given magnitude die out quicker in shorter-term expectations. Among the four countries, the anchoring of expectations is strongest in the EU attended by an implied target close to the ECB's implied inflation target of 2%. In contrast, UK inflation expectations exhibit the weakest degree of anchoring reflecting very high persistence. This is accompanied by a high market implied target of up to 4.3%. In view of inflation expectations in the US, a comparison of a pre-and post-Lehman period shows that the strength of the anchor of shorter-term expectations decreases, while for longer-term it increases.
The remainder of the paper is structured as follows. Section 2 introduces the anchoring criterion based on the ESTAR model. The measure of inflation expectations, i.e. BEI rates, are introduced in Section 3. Furthermore, Section 3 comprises a preliminary data analysis with descriptive statistics and linearity tests. Estimation results including an impulse response analysis and a comparison to the news regression literature are discussed in Section 4. Section 5 concludes.
The anchoring criterion
The degree of anchoring is analyzed by means of an exponential smooth transition autoregressive (ESTAR) model. 2 The adequacy of the ESTAR specification in the present context of inflation expectations is evidenced by linearity tests as to be shown in the next section. The ESTAR model is given by:
where y t represents the measure of inflation expectations, i.e. the BEI rate, and c is a constant. The sum of autoregressive parameters is restricted to p i=1 α i = 1 and X t constitutes a vector of economic news variables, with β as the corresponding coefficient vector and ε t as a zero mean white noise process. The dynamics of y t are determined by the exponential smooth transition function exp(−γ(y t−1 − c) 2 ) which is the source of non-linearity in this model. The transition function is bounded between zero and one and depends on the transition variable y t−1 , a smoothness parameter γ > 0 and a location parameter c. Given the restriction of the sum of autoregressive parameters, model (1) behaves locally like a random walk if the lagged expectations measure y t−1 equals c. If y t−1 departs from c, the process is stationary and therefore mean reverting. As shown in Kapetanios et al. (2003) , despite its local non-stationarity, the ESTAR model is globally stationary. The degree of mean reversion at time t depends on the squared difference between y t−1 and c.
In economic terms, c can be interpreted as an equilibrium value that consists of the market implied inflation target and an inflation risk premium. If the BEI rate was close to its equilibrium value c in the last period, a shock to inflation expectations has a long lasting impact. However, when shocks drive the BEI rate away from its equilibrium value, the anchor comes into play and pulls expectations back to the equilibrium. Due to the non-linearity of the model, the strength of the anchor increases in the distance to the equilibrium value, i.e. the larger the gap between y t−1 and c the stronger the mean reversion. The parameter γ controls the shape of the exponential function and therefore the transition speed towards c. The larger γ, the larger the slope of the exponential function around c and, thus, the stronger the attraction of the market implied inflation target. Given estimates of the ESTAR model, we interpret expectations as better anchored the larger the transition speed γ and the closer the equilibrium value c to the central bank's inflation target.
Apart from the non-linear dynamics, (1) includes potential driving forces behind the BEI rates. The β coefficient vector indicates important macroeconomic and monetary variables that cause market participants to revise their expectations. Hence, estimation results can be interpreted with respect to the sensitivity to news argument as well. Regarding our econometric approach, the crucial difference to the standard news regression is that model (1) allows the expectations measure to mean revert. In fact, the news regression given by
implies a unit root in the level of y t . The ESTAR extension of (2) mitigates this assumption. Yet, due to the local random walk behavior, for p = 1 and expectations at their equilibrium value, y t−1 = c, (1) collapses to the news regression (2). Moreover, model (1) nests the news regression for the special case p = 1 and γ = 0. Linearity tests carried out in the next section provide evidence on the adequacy of ESTAR non-linearities against the unit root assumption.
Break even inflation rates
The expectations data is extracted from nominal and real government bond yields. According to the Fisher equation, the spread between nominal and real yields gives a measure of inflation expectations, i.e. the break even inflation (BEI) rate. 3 Since the holder of a nominal bond faces inflation risk 4 against which an investor holding a real bond is protected, break even rates are not a pure measure of inflation expectations. Thus, break even inflation rates consist of inflation expectations and an inflation risk premium. In order to disentangle the two components, affine term structure models of e.g. Adrian However, such a filtered inflation measure strongly depends on the choice of the model and, of course, is subject to estimation uncertainty. Furthermore, given our interest in the anchoring of inflation expectations, including the premium as a part of the relevant variable, provides important information. Precisely, a central bank that aims to stabilize inflation expectations should also aim to minimize the inflation risk premium. Therefore, we rely on BEI rates to evaluate the anchoring of inflation expectations.
Countries under investigation are the United States (US), European Monetary Union (EU), United Kingdom (UK) and Sweden (SW). The country selection is consistent with the former anchoring literature and is also narrowed by data availability. We investigate daily data in the time span from January 2004 to February 2011. By starting in 2004 we ensure that the countries have highly liquid nominal and real bond markets across a wide range of maturities. Since BEI rates are not readily available for most of the countries, we follow the methodology of Gürkaynak et al. (2007) and Gürkaynak et al. (2010b) and estimate nominal and real Nelson-Siegel-Svensson yield curves to finally obtain coherent term structures of BEI rates across the different countries under investigation. 5 The inflation expectations measure is the one-year forward break even inflation rate for two different time horizons. The five-year horizon reflects todays expectations about inflation (and the risk premium) 3 Also known as inflation compensation. 4 I.e. the uncertainty about an unexpected rise in the actual inflation rate over the holding period. 5 By building a coherent dataset we are intended to minimize the risk of distortions induced by using different data sources that rely on different methodologies. For instance, the FED uses the Nelson-Siegel approach while the Bank of England applies a spline method; the criteria for choosing the specific bonds also differ between different data sources. For details on our methodology see Appendix A. Figure 1 depicts the five (upper part) and ten (lower part) year expectation horizons for the different countries. The figure reflects that market participants expect inflation around two and three percentage points. Revisions of expectations are rather small on a day to day basis such that the depicted series behave very persistently.
Since the impact of the global financial crisis is clearly visible, we consider a precrisis and a crisis period. We follow a standard treatment of dating the crisis by defining the bankruptcy of Lehman Brothers on September 15th 2008 as its starting point. Note, that our crisis period lasts until the end of the sample in 2011, thus, incorporates the sovereign debt crisis as well. Table 1 confirms the indications of Figure 1 . Break even rates across the different countries and time horizons are on average well-above the two percentage mark. 6 For most countries the mean and the standard deviation are larger for the ten-year horizon than for the five-year horizon. A clear pattern of how the crisis affects the expectations measure is not visible. The persistence of the series, evidenced by the order of fractional integration, lies within the interval (0.5, 1), where processes are still mean reverting but display an unbounded variance. Time series with such an integration order are non-stationary. The order of fractional integration within (0.5, 1) can be taken as a first indication of non-linearities in the true underlying processes, see Kruse and Sibbertsen (2011) .
For specification of the ESTAR model, we perform two different types of linearity tests. Both approximate the exponential function in (1) results. Table 2 shows the results of the two linearity tests. The LM test rejects the null across all countries and almost all sample periods. For a given country, expectation horizon and sample period, at least one of the two tests rejects the null in favor of the ESTAR model. 7 Consequently, we interpret these results as extensive evidence that the true underlying processes can be well-approximated by an ESTAR model.
Results

ESTAR estimation
As presented in the previous section, we observe strong evidence that BEI rates follow an ESTAR process. Results shown in Table 3 are obtained from maximum likelihood estimation of equation (1) . Since the financial market data reveals the typical conditional heteroskedastic pattern, the errors are specified as GARCH(1,1). The lag length p varies between 1 and 4 and is determined by standard autocorrelation tests. The Q-statistics Q (1) and Q (5) in the lower part of Table 3 illustrate that no significant autocorrelation is left in the residuals. ARCH LM test results analogously reflect that, apart from a few exceptions, the parsimonious GARCH(1,1) is sufficient to capture the conditional heteroskedasticity. Confirming the results from the LM and KSS specification tests, coefficient estimates of c and γ are significant for all countries but the UK. 8 Since the ongoing financial crisis potentially changes the degree of anchoring, we account for parameter shifts within our ESTAR specification (1) . In particular, a Lehman step dummy LEH that takes the value one from 9/15/2008 until the end of the sample captures breaks in parameter values of c and γ. Note, that the estimation results of the time series dynamics have proven to be robust against a sample split, i.e. separate estimation of the pre-crisis and crisis sample. Beside analyzing the time series dynamics, we also aim to explore potential sources of shocks that may drive inflation expectations. Therefore, we include news variables as exogenous regressors. News about real economic activity, price developments and monetary policy are taken from Bloomberg's survey. 9 News variables measure the surprise component of each announcement as the difference between the released value and its mean prediction. 10 As motivated in Section 2, ESTAR coefficients that reflect the equilibrium value, c, and the transition speed towards the equilibrium, γ, are taken to evaluate the degree of anchoring. Since Christensen et al. (2010) find for US BEI rates that the inflation risk premium is on average close to zero, estimates of the equilibrium values should be close to the market implied inflation target. Results on the anchoring of inflation expectations are interpreted among three different lines: first, across the different expectation horizons, second, across countries and, third, across the pre-crisis and crisis period. (1): Beginning with the inner country comparison, evidence points towards a better anchoring of inflation expectations for the five-year horizon than for the ten-year horizon. Equilibrium values across countries are on average around 2.5 percentage points for five-year expectations and close to 3 percentage points for the ten-year expectation horizon. The deviations of the equilibrium values from a target value of two percent can be explained by a positive risk premium and a higher market implied inflation target compared to the central bank's target. Confirming results of Christensen et al. (2010) , the comparison of the five and ten-year horizon indicates, that markets associate longer expectation horizons with higher uncertainty about inflation and, thus, with a larger risk premium. Values of transition speeds point in the same direction. For the five-year expectation horizon, transition speeds are on average 1.5 times larger than for the ten-year horizon. The larger γ indicates that the anchor affects shorter-term expectations stronger than longer-term expectations. Thus, it is not just the level of the expectations measure which makes shorter expectation horizons appear better anchored but also the strength with which the anchor pulls them back to their equilibrium value.
The often defined policy horizon of central banks between three and five years can be taken as a reason for the better anchoring of shorter-term expectations. This reflects, markets expecting a more active role of central banks against medium term inflationary pressure. As a consequence, shocks to longer-term expectations are more persistent.
The cross-country comparison for the market implied targets reveals a clear pattern. Regardless of the maturity and sample period, inflation expectations in Sweden are anchored around the smallest equilibrium values ranging between 1.94 and 2.31 percent. While the EU has slightly larger equilibrium values (between 2.05 and 2.65 percent), EU BEI rates have the fastest transition speeds and, thus, the strongest anchor. Both, c and γ estimates for the UK data show the worst performance. In particular, during the crisis period UK BEI rates vary around an equilibrium value of 3.11 and 4.29 percent and exhibit by far the smallest transition speed. For a given value of c our point estimates of γ suggest that EU expectations are best anchored followed by US, Sweden and finally UK.
Providing empirical evidence on the question why some countries have better anchored expectations than others, lies beyond the scope of this paper. However, it appears quite clear that the anchoring order can not simply be explained by dif-ferences in monetary policy strategies like inflation targeting or the overall degree of transparency. While the Bank of England and the Swedish Riksbank are both inflation targeters and are better ranked in transparency studies such as Dincer and Eichengreen (2007) , the ECB and FED have stronger anchors that pull inflation expectations back to their equilibrium.
Since the global financial crisis as well as the subsequent sovereign debt crisis is covered by the sample period, it is interesting to explore potential effects of the crisis period on the anchoring of inflation expectations. P -values corresponding to t-tests of the LEH dummies indicate whether it is likely that a shift occurred at the Lehman crash. Overall, the impact of the crisis does not point in a unique direction. Equilibrium values of the BEI rates change in all countries significantly. In the US and Sweden c decreases for the five and ten-year expectation horizons, indicating recession concerns and, thus, decreasing inflationary pressure. In contrast, equilibrium values in the UK rise, reflecting inflationary pressure that potentially results from massive policy interventions and worries about stagflation. In the EU the term structure of BEI rates steepens due to a decreasing shorter-term equilibrium and an increasing longer-term equilibrium. Unlike the equilibrium values, the transition speed in most of the countries does not change significantly. Consequently, the crisis does not affect the strength of the anchors. An exception to this invariance are the five and ten-year expectation horizons in the US. While for the medium term horizon the transition speed decreases, for longer-term horizons it increases. This reflects a growing degree of anchoring for longer-term horizons and a shrinking degree for shorter horizons. All in all, during the crisis period inflation expectations remain well-anchored in all countries.
While time series dynamics determine the degree of anchoring, surprise components of major economic announcements reveal potential sources of shocks that drive expectations away from their equilibrium value. Significant coefficients reported in the lower part of Table 3 indicate news announcements that lead to systematic revisions in inflation expectations. In general, we observe only few announcements that move markets' expectations significantly. For example, news about real economic activity impact the five-year horizons in the US and EU. Given an unexpected, one percentage point increase in the US industrial production (IP) index, the five-year BEI rate increases by 2.3 basis points. In the same vein, inflation expectations decrease around 7 basis points in the US and EU for an unexpected, one percent-age point increase in the unemployment rate (UEM). Unexpected changes in prices, measured by the consumer price index (CPI) and the producer price index (PPI), are mostly non-significant. Monetary policy (MP), however, shows a significant impact in all countries. The strongest response to monetary policy news can be found at the ten-year horizon in the EU. An unexpected one percentage point lower policy rate decreases the expectations measure by 65 basis points. Interestingly, given a smaller increase in the policy rate than expected, inflation expectations in the US and UK rise while expectations in the EU and Sweden fall. These asymmetric responses demonstrate that US and UK markets evaluate such policy moves as being too weak to prevent the actual inflation rate from rising. In contrast, markets in the EU and Sweden adopt central banks' assessments of lower inflationary pressure. The different responses may reflect a stronger faith in central banks in the EU and Sweden. This interpretation agrees with findings of our cross-country comparison on the anchoring of inflation expectations.
Due to the global stationarity of the ESTAR specification, the effect of a shock of any nature disappears. It is therefore interesting to analyze, in which way and how long a shock affects the expectations measure. The impulse response analysis in the following subsection provides a tool to illustrate the anchoring of inflation expectations.
Impulse response analysis
In order to support the findings on the anchoring of inflation expectations, we compute impulse response functions from the estimated models. Thereby, we intend to emphasize the mean reversion properties of the expectations measure across the different countries and time horizons. Since the impulse response function of a nonlinear model depends on the process' history, the size and sign of the initial shock and on the realizations of future shocks, standard impulse response techniques from linear models are not applicable. Therefore we compute generalized impulse response functions (GIRFs) as suggested by Koop et al. (1996) . 11 Given an estimate of an ESTAR process, the GIRF averages over all possible histories and future realizations to isolate the effect of the initial shock. We set the size of this impulse equal to plus one residual standard deviation. In order to compare the mean rever- Note: The magnitudes of the shocks are set to plus one standard deviation of residuals in the respective subsample. Graphs show the initial impact at t = 0 and the shock absorption up to three month ahead, i.e. units of x-axes refer to days. sion properties, we compute X-lives from the different impulse responses. X-lives indicate the number of days an initial shock needs to be absorbed by X percent. We chose to focus on half-lives, i.e. X = 50%, and the absorption time for X = 75%. Figure 2 depicts the impulse response functions, Table 4 reports the X-lives. Results confirm the findings from the previous subsection. Expectations appear better anchored for the five-year horizon than for the ten-year horizon. Values of the impulse response functions at time zero, are on average larger for ten-year expectations. This expresses a smaller noise variance in shorter-term expectations compared to longer-term expectations. X-lives further support the findings of a better anchoring of shorter-term expectations. In comparison to the five-year horizon, a one standard deviation shock to the ten-year horizon needs on average about three weeks longer to be absorbed by 75%. The cross-country comparison confirms that expectations are best anchored in the EU. For example, during the pre-crisis period a one stan- special case, the comparison focuses on the news regression approach.
Results presented in subsection 4.1 show a weaker impact of economic news compared to the news regression literature. Especially, results for the ten-year expectation horizon in the US differ from the results presented in Gürkaynak et al. (2010b) and Beechey et al. (2011) . While the authors find variables like the GDP and CPI to have a significant effect, monetary policy is the only source of news that affects our ten-year US BEI rate. In the context of the news regression criterion, our results indicate well-anchored expectations in all countries under investigation. Consequently, cross-country differences or differences across expectation horizons cannot be found. One possible explanation for the contrasting results from the news regressions can be attributed to the analysis of different sample periods. According to Beechey and Wright (2009) , a more recent sample period implies higher liquidity of real bonds. The authors show that since 2004 the high liquidity of real bonds in the US allows for immediate adjustments to economic news such that forward BEI rates respond non-significantly.
The news regression literature usually explains different degrees of anchored inflation expectations by differences in monetary policy strategies. Cruijsen and Demertzis (2007) find that expectations are better anchored the more transparent a central bank is. In the same vein, Gürkaynak et al. (2010b) find inflation targeters to better anchor inflation expectations than non-targeters. As argued in 4.1, the ESTAR criterion does not confirm such explanations. A further difference of the results from news regressions and the ESTAR criterion is revealed by comparing the anchoring of shorter expectation horizons with the anchoring of longer horizons. Referring to impulse responses of the actual rate of inflation within standard macroeconomic models, shorter-term expectations are more sensitive to economic news (shocks) than longer expectation horizons. In that context, Beechey et al. (2011) show empirically that longer expectation horizons are better anchored than shorter expectation horizons. Regarding the ESTAR anchoring criterion, we find the exact opposite to hold true. In comparison to longer expectation horizons, shorter-term expectations have a smaller equilibrium value and a faster adjustment speed, thus, appear better anchored.
The comparison shows that conclusions about the anchoring of inflation expectations crucially depend on the way the anchoring criterion is chosen. Consequently, the various characteristics of inflation expectations measures are hardly captured by one single criterion. This emphasizes the need to consider different approaches to determine the degree of anchoring.
Conclusion
Both policy makers and academia increasingly pay attention to the question whether inflation expectations are well-anchored. The prominence of this topic can be attributed to standard forward-looking macroeconomic models wherein the anchoring of inflation expectations appears as a necessary condition to stabilize the actual rate of inflation.
In this paper we propose a non-linear time series approach to determine the degree of anchoring. Thereby we complement one well-known analytical framework for investigating the anchoring of inflation expectations, namely the news regression, wherein first differences of an expectations measure are regressed on macroeconomic news. We especially relax the implicit unit root assumption of the news regression approach and allow anchored inflation expectations to follow a globally stationary ESTAR process. The generalization permits a shift of the focus from the short run news effect to the long run dynamics of inflation expectations. Model parameters are economically interpretable as a market implied inflation target and the strength of the anchor that drives expectations back to the target. Both parameters determine the degree of anchoring. As a measure of inflation expectations we compute break even inflation (BEI) rates from nominal and inflation-indexed Nelson-Siegel-Svensson yield curves for the US, EU, UK and Sweden. Empirical evidence is based on one-year forward BEI rates with five-and ten-year expectation horizons in the time span 2004 to 2011.
Specification tests confirm that BEI rates are well-described by an ESTAR process. The ESTAR anchoring criterion provides three main results. First, the market implied inflation target around 2.5 percent for shorter-term expectations is around half a percentage point smaller than for longer-term expectations. At the same time, impulse responses indicate a much quicker shock absorption of shorter-term BEI rates. For a 75% shock absorption the difference is roughly three weeks. Consequently, shorter-term inflation expectations appear better anchored than longer-term expectations. Second, expectations in the EU are best anchored followed by the US, Sweden and UK. Especially the EU has the fastest adjustment speed with a half life smaller than two weeks and one of the smallest market implied inflation targets within a range around 2.05 and 2.65 percent. In contrast, long term expectations in the UK are extremely persistent with half-lives of more than one month and an exceptionally high market implied inflation target of up to 4.3 percent. Third, a significant effect of the global financial crisis is only found for the market implied inflation targets. Reflecting recession concerns, inflation pressure in most of the countries declines during the crisis. In contrast, the strength of the anchors are mostly not affected by the crisis.
The news regression literature explains cross-country differences in the anchoring of inflation expectations by differences in the transparency of central banks or by specific policy strategies such as inflation targeting. The present study cannot confirm these findings. Investigating explanations for these differences constitutes an interesting path for future research. A further aspect of the present paper is given by the analysis of driving forces behind the expectation formation processes. Since our results indicate that major economic news releases have only a marginal impact on expectations, models that reveal structural relations could provide further insights. For example, cross-country interdependencies such as spillover effects, especially during the economic crisis, may play an important role.
Given central banks' mandate to stabilize the actual rate of inflation, in all countries under investigation our results support the view of credible policy strategies that anchor inflation expectations. Apart from the UK, the market implied inflation targets are close to the usually imposed inflation targets of 2 percent. Moreover, expectations vary in a stationary manner around these targets. This leads to the conclusion that expectation formation processes are successfully controlled by central banks.
For policy makers our analysis suggests that it is necessary to evaluate the success of the anchoring of inflation expectations with respect to different criteria. We find that conclusions on the anchoring can strongly depend on the way the criterion is chosen. Since our proposed model nests the news regression, it provides an appealing framework to combine the anchoring analysis with respect to time series dynamics as well as the sensitivity to news criterion.
where f t (n, m) is the forward rate at time t for a period of m years beginning n years in the future. The n-year BEI rate reflects today's expected inflation rate (plus an inflation risk premium) and is given by BEI(n) = f nom t (n, m) − f real t (n, m).
As documented in Gürkaynak et al. (2010) , the FED provides a periodically updated dataset of US BEI(n) (with n = 4, 5 and m = 1) rates at www.federalreserve.gov/ econresdata/researchdata.htm. The correlation to our US BEI(n) rates is well-above 0.9.
B News variables
The news variables are calculated as the difference between the actual and the expected value. The expected value is represented by the mean prediction of the Bloomberg survey of professional economists. Economists are mostly bankers. They submit their forecast before or on Fridays prior to the data release. The actual and forecasted values of the advanced estimate of the gross domestic product (GDP), industrial production (IP), consumer price index (CPI) and the producer price index (PPI) refer to the percentage year on year change. The GDP, IP, CPI and PPI news, consequently measure the difference between the actual and forecasted value in percentage points. The unemployment rate (UMP) and the monetary policy rate (MP) are measured in percent. The respective news variable reflects the unexpected component in percentage points. In line with the rational expectations assumption, mean forecast errors are close to zero, mostly uncorrelated and some do not reject the null of normality.
C Generalized impulse response and X-life
In order to calculate the GIRFs we follow Koop et al. (1996) . The GIRF at t + h is defined as the difference between the expected value of a stochastic process conditioned on an impulse ξ hitting the process at time t and the conditional expectation that is obtained without such a shock:
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where ω t−1 refers to one particular history of the process y t . GIRF(h, ξ, ω t−1 ) represents one realization of the random variable GIRF(h, ξ, Ω t−1 ) and can be approximated via stochastic simulation. To calculate E[y t+h |y t + ξ, ω t−1 ] and E[y t+h |y t , ω t−1 ] we average over 1000 future paths where each y t+h is created by iterating on the ESTAR model with parameter values equal to those from the empirical estimates and randomly drawn GARCH(1,1) errors with i.i.d. normal innovations. The size of the impulse ξ is set to plus one residual standard deviation, i.e. ξ = σ ε . The aspect of interest of the random variable GIRF(h, σ ε , Ω t−1 ) is given by its unconditional mean:
We approximated equation (6) by averaging over all ω t−1 from the observed sample. Note that it is the unconditional mean of the GIRF that we refer to simply as GIRF or impulse response throughout the paper. 0 ≤ x ≤ 1 refers to the chosen fraction of noise absorption (x = 0.5 and x = 0.75 in the application) and 1(·) is the indicator function.
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